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+ cos a + c4 sin {y - a)] + [c
3 

z cos o (26) 

] 
az 

+ c4 cos (y - a) cl 

l 
- - _,(,..--cl_ Z....;;.;;.._+_C_2 ....... )-2 sin a 

az ) + cos a aa + c4 sin (y - (27) 

ar2 l c4 Sln (y - a) az (28) - - z2 avb avb c 2 sin2 (y - a) c3 
4 l -

c 2 z2 
3 

ar2 1 c4 Sln (y - a) az 
l - -- c3 z2 a a 

c 2 . 2 ( 
a a 

- a) Sln y 4 l -
c 2 z2 (29) 3 

1 
+ Z cos ( y - a) 
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D - - ( 26) X ( 30) - ( 28) X ( 29) 

i . e . , D - ( 26) x ( 30) - ( 28) x ( 29) 

where D is the denominator . Then 

D 

()f2 ()fl 
f - f 

(23)(28) - (22)(30) 
- (26)(30) - (28)(29) 

1 avb 2 av 
b (22)(29) - (23)(26) 

{).a - --=---D--~ - ( 26) ( 30) - ( 28) ( 29) 

(30) 

(31) 

(32) 

Select any starting values of Vb and a and iterate until the incre

ments {).Vb and {).a become zero or insignificant . 

To determine K 
values for air and water 

11 . The procedure for floating plants is to conduct towing tests 

(waterhyacinth in their natural floating position) using the force 

equation : 

F = F - F 
1 

dr = plant mass (accel . ) (33) 
measured total tota ag 

At constant velocity of plants (zero acceleration) : 

F = F - F - 0 measured total total drag 

F - F + F - 0 
total measured total drag 

Thus : 

F - - F measured total drag 
(34) 
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Graphical deter
mination of K values 

F measured 

- K A (V cos a - Vb) - F 
a a a measured 

12 . As the water velocity and thus the body (plant) velocities 

are usually small , the major variables affecting K values would be 

( 35) 

(36) 

Va , a , Aa , and to some extent A£ . Thus , the measurements should 

cover the range of the average wind velocities and the most practical 

plant areas (which can be towed without the plants going under it with 

the plants in their natural floating position) . The average wind veloc

ity range is limited to the duration of the test . Thus , these K 

values would be applicable only in the specified range of the different 

variables . At least three te~ts should be conducted to get one set of 

dependable 

involved . 

K and K 
v a 

To determine 

values for a fixed value of the variables 

K values graphically : 

F = K C - K C 
measured v 1 a 2 

This is a linear type equation where m (slope) = K 
v 
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and 

Conduct field towing tests from station l to 2 where 

Vb - Vboat (boat speed to be held constant during test) 

V~ - average flow between stations l and 2 

( 38) 

For average values of V~ , 

plot towing forc e (average) 

V , a , and B between points l and 2 , 
a 

versus total area of different test plots . 

From the curve, determine slope and intercept . Thus 

slope - K 
v 

and K and K can be determined . 
v a 

13 . The procedure for submersed plants is to carry out another 

test with cut and topped out submersed plants . Using 

F :: - F 
measured total drag (39) 

Aa is much smaller than A~ , thus the second item may be ignored . 

This gives 

- F = F = K A (V - V cos 8) 
total drag measured v ~ b ~ 

F measured 

From here K can be determined . 
v 

GlO 

(41) 




